Compared to mainland systems, oceanic islands are generally characterized by simpler pollination networks ( Olesen and Jordano, 2002 ; Dupont et al., 2003 ; Philipp et al., 2006 ) largely as a result of depauperate pollinator faunas (e.g., Carlquist, 1974 ; Barrett, 1998 ) . Because of this, plant species are likely to include new, even novel fl ower -pollinator interactions after island colonization. For example, new insular interactions may include nontypical vertebrate pollinators such as opportunistic birds and lizards that visit fl owers for nectar and/or pollen (e.g., Grant and Grant, 1981 ; Vogel et al., 1984 ; Olesen, 1985 ; Whitaker, 1987 ; Traveset and S á ez, 1997; Valido et al., 2002 ; Olesen and Valido, 2003a , b , 2004 ) .
The occurrence of novel pollinator interactions on islands has been considered by Olesen and Valido (2003a , b , 2004 ) to be a product of " ecological release " (e.g., Terborgh and Faaborg, 1973 ; Cox and Ricklefs, 1977 ) in insular faunas. The logic is that the relative poverty of species on islands reduces their interspecifi c competition ( Crowell, 1962 ; MacArthur et al., 1972 ) . This absence of competitors, together with reduced levels of predation and parasitism, induces some species to increase their abundance by " density compensation. " This phenomenon was initially described for bird assemblages ( Grant, 1966 ; MacArthur et al., 1972 ; Wright, 1980 ; Ricklefs and Miller, 1999 ) but has also been reported in insular lizard populations ( Case et al., 1979 ; Rodda and Dean-Bradley, 2002 ) . The high abundance of individuals within a species increases intraspecifi c competition and promotes the expansion of the trophic niche (e.g., Diamond, 1970 ; Keast, 1970 ; Alerstam et al., 1974 ; Cox and Ricklefs, 1977 ; Diamond and Marshall, 1977 ; Scott et al., 2003 ; Olesen and Valido, 2003a , b , 2004 ) . Consistent with this idea, insular nectar-feeding birds tend to have greater population sizes, and they express higher levels of generalization in two ways. First, specialist nectar feeders on islands tend to visit more plant species compared to their mainland conspecifi cs or congeners (e.g., Linhart and Feinsinger, 1980 ; Feinsinger and Swarm, 1982 ) . Second, opportunistic nectar feeders on islands tend to incorporate novel or rarely consumed food items such as fl oral rewards when other preferred resources (insects, fruits, and seeds) are scarce ( Grant and Grant, 1981 ; Sakai et al., 1986 ; Werner and Sherry, 1987 ; Latta et al., 2001 ; Olesen and Valido, 2003b , 2004 ) .
Opportunistic nectar-feeding passerine birds from the Canary Islands clearly illustrate these trends associated with ecological release, and they also have been regarded as critical for the reproduction and survival of plants they visit ( Vogel et al., 1984 ; Olesen, 1985 ) . In other words, these birds have been considered as potential effective pollinators that enhance plant fi tness. This hypothesis, however, has not yet been tested, either in terms of pollinator quality (e.g., frequency of pollen deposition on stigmas, number of pollen grains delivered per visit and suitability of the pollen, and fruit/seed set; Herrera, 1987 ) or quantity (e.g., pollinator abundance and fl ower visitation rates; Herrera, 1989 ) . Rodr í guez-Rodr í guez and Valido -Opportunistic birds as pollinators of its fl ower visitors, and investigated the pollination ability of bird visitors by taking into account the quantitative and qualitative components of this mutualistic interaction (sensu Herrera, 1987 Herrera, , 1989 . For this purpose, we evaluated visitation frequency and the number of visited fl owers (quantitative component) and measured fruit set and fruit size, as well as seed production and viability (qualitative component).
MATERIALS AND METHODS
Study area -The primary study site was located in the Teno Rural Park in NW Tenerife, Canary Islands, Spain. This area encompasses one of the oldest parts of the island, a 5.6 -6.2 million-year-old basaltic massif ( Guillou et al., 2004 ) . Fieldwork was conducted from the end of May to the beginning of September 2006, covering the fl owering and fruiting peaks of I. canariensis . The studied population was situated in the vicinity of Teno Alto at approximately 870 m a.s.l. The vegetation is a secondary laurel forest with Ilex canariensis Poiret (Aquifoliaceae), Erica arborea L. (Ericaceae), and Myrica faya Aiton (Myricaceae) as dominant tree species. Mean annual precipitation is over 350 mm, with most of it falling between November and March. Annual average temperature is 19.4 ° C, with January being the coldest month ( Marzol-Ja é n, 1984 ).
Study organisms -Isoplexis canariensis (Scrophulariaceae), locally known as cresta de gallo, is a Canarian endemic plant species. Three other endemic ornithophilous congeners from Macaronesian archipelagos exist: I. isabelliana (Webb & Berthel.) Masf. and I. chalcantha Svent. & O ' Shan. from Gran Canaria and I. sceptrum (L. fi l.) from Madeira. Together these four species represent a derived monophyletic group clearly separated from their closest relatives, the continental entomophilous foxgloves Digitalis ( Br ä uchler et al., 2004 ) . Isoplexis canariensis is a perennial shrub, up to 2 m tall, with a candelabra-shaped growth (usually with < 6 -7 infl orescences, N = 55). It grows mainly in the laurel forest in Tenerife, but has also been recorded in the recent past from La Gomera and La Palma ( Bramwell and Bramwell, 1994 ) .
Little is known of the reproductive biology of I. canariensis other than limited information on fl oral visitors ( Vogel et al., 1984 ; Olesen, 1985 ; Valido et al., 2004 ) , nectar volume and composition Valido et al., 2004 ) , and pollen morphology ( P é rez de Paz and Roca, 1982 ) . The species has typical ornithophilous fl owers, with large, orange, bilabiated corollas, no odor, and copious, dilute, and hexose-rich nectar (sucrose content < 33%), all characteristics of opportunistic bird pollination ( Faegri and van der Pijl, 1971 ; Johnson and Nicolson, 2008 ) . The blooming period is mostly May to August, but it is possible to fi nd fl owering individuals since December.
The hermaphroditic fl owers are protandrous, 28.01 ± 2.4 mm long and 22.6 ± 2.7 mm wide (mean ± SD; N = 40). They are borne in dense racemes, each of which produces on average 29.4 ± 12.6 fl owers (mean ± SD; N = 235). From top to bottom, at any given time an infl orescence consists of a number of buds, several newly opened buds, male fl owers, and female fl owers followed by maturing seed capsules. Thus, individual fl owers pass sequentially through male and female stages with little overlap, a mechanism that reduces geitonogamy. After fertilization, the ovary develops into a short, apiculate, and persistent capsule of 4.5 -13.7 mm long and 2.6 -8.3 mm wide ( N = 286) and fi lled with hundreds of tiny cylindrical seeds (we have recorded up to 673 seeds in a capsule; see Results). These seeds are dispersed by gravity after capsule dehiscence. Introduced rats and moth caterpillars may act as fruit and seed predators.
Isoplexis canariensis fl owers are visited primarily by Sylviidae birds ( Phylloscopus , Sylvia ), but also Paridae ( Parus ) and Fringillidae ( Serinus , Fringilla ) . All are opportunistic passerines consuming mainly arthropods, seeds, and fl eshy fruits ( Mart í n and Lorenzo, 2001 ). However, they have also been observed consuming nectar from many endemic plant species belonging to the Canarian bird -fl ower system, as well as several exotic garden plants ( Vogel et al., 1984 ; Olesen, 1985 ; Valido et al., 2004 ; M. C. Rodr í guez and A.Valido, personal observations). Flower visitation by endemic Canarian lizards ( Gallotia galloti ) has also been confi rmed .
Breeding system of the plant -Hand-pollination experiments were conducted on 25 randomly chosen plants to determine the breeding system and the importance of opportunistic bird pollinators for reproduction. Basal, unpollinated fl owers were emasculated and placed in muslin bags after pollination
In the Canary Islands, the endemic fl ora includes species of Canarina (Campanulaceae), Echium (Boraginaceae), Lavatera (Malvaceae), Lotus (Fabaceae), and Isoplexis (Scrophulariaceae), and their fl ower traits are related to the ornithophilous syndrome, including red-orange-yellow corolla colors, abundant dilute nectar, diurnal anthesis, and absent scent and landing platform ( Proctor et al., 1996 ; Valido et al., 2004 ) . Ancient members of Nectariniidae have been proposed as their extinct pollinators ( Vogel et al., 1984 ; Olesen, 1985 ; B á ez, 1992 ) , but neither extant sunbirds, nor fossils of this group or other specialist nectarivores are present on these islands (e.g., Mart í n and Lorenzo, 2001 ). Specialist nectarivorous birds are also absent from adjacent southern Europe and northwestern Africa. The closest specialists are two nectarivorous sunbird species (Nectariniidae) from Israel and Palestine ( Fry et al., 2000 ) and the recently reported hummingbird fossils from Central Europe (Germany, Mayr [2004] ; SE France, Louchart et al. [2008] ). Furthermore, the closest mainland relatives of these plant taxa have typical entomophilous fl oral traits and are most likely pollinated by insects in their natural areas ( Lotus : Proctor et al., 1996 ; Ollerton and Lack, 1998 ; Lavatera : Fuertes-Aguilar et al., 2002 ; Digitalis : Sletvold, 2002 ; Grindeland et al., 2005 ; Echium : Klinkhamer and de Jong, 1990 ; Dupont and Skov, 2004 ) . The one exception is Canarina, whose mainland representatives ( C. abyssinica Engler and C. eminii Ascherson ex Schweinf.) from the highlands of East Africa are visited and potentially pollinated by sunbirds (J. M. Olesen, University of Aarhus, personal communication). This mismatch between the presence of an insular ornithophilous fl ora and the absence of specialist nectarivores and mainland ornithophilous relatives represents a biological enigma in terms of both the origin and the maintenance of this bird-pollinated fl ora.
Several hypotheses have been formulated to explain the origin and maintenance of these ornithophilous fl oral traits: (1) Presumably extinct specialist nectarivorous birds on the islands exerted selective pressures on fl owers, followed by their subsequent maintenance by opportunistic birds after disappearance of the specialists ( " de novo specialist " hypothesis; Vogel et al., 1984 ; Olesen, 1985 ) . (2) Selection by specialist birds took place on the mainland before the plant taxa reached the islands, after which the specialists were replaced by nonspecialized nectarivorous passerines ( " relict " hypothesis; Valido et al., 2004 ) . (3) Current opportunistic birds exerted phenotypic selection on fl ower traits on the islands ( " de novo opportunist " hypothesis; Valido et al., 2004 ) . The absence of specialist nectarivorous birds in the insular fossil record weakens the fi rst hypothesis, but supports the remaining two hypotheses . Under hypothesis 2, present-day opportunistic nectar feeding birds maintained pre-existing ornithophilous traits, while under hypothesis 3, these traits evolved directly in response to pressures exerted by these opportunistic birds on the islands. Both hypotheses 2 and 3 rely on opportunistic nectar-feeding birds acting as effective pollinators. However, this role has not been documented to date despite the multiple studies of plant -vertebrate interactions on these islands over the past few decades (reviewed in Valido et al., 2004 ) .
The objective of this study was to determine experimentally whether these passerine birds act as effective pollinators of one of the most predominant Canarian ornithophilous species, Isoplexis canariensis (L.) J. W. Loudon (Scrophulariaceae). We studied the breeding system of I. canariensis , identifi ed all access; the lowermost part of the funnel was completely adjusted to fi t the infl orescence stem diameter, so funnels represented an obstacle for climbing of lizards; for treatment 2, we left a reasonable distance between the uppermost extreme of the funnel and the basal fl owers to let passerines perch. The experiments were inspected daily to ensure that the exclusions did not affect the normal foraging of fl ower visitors. After fruit ripening from August through September 2006, we scored the total number of fruits produced per treatment and collected them to evaluate differences in fruit measurements and fruit set, as well as the percentage of viable seeds per fruit.
Data analysis -We used a type III sums of squares (SS) one-way ANOVA (GLM procedure in SPSS v.11; SPSS Inc., Chicago, Illinois, USA) followed by a Tukey test of multiple comparisons. Each estimate of plant reproductive success (fruit size, fruit set, percentage of viable seeds per ripe fruit) was analyzed separately as a dependent variable. Treatments were used as fi xed effects to test differences among treatments. The individual plant was used as random effect to control for lack of independence among fl owers on the same individual plant. Logarithmic and arcsine transformations were used to normalize data before analyses ( Sokal and Rohlf, 1995 ) . Throughout the paper, all means are accompanied with their standard deviation unless otherwise indicated.
RESULTS
Breeding system -All fl owers in the self-(geitonogamous and autogamous) and cross-(xenogamous) hand pollination treatments produced fruits (100% fruit set in each treatment). In contrast, the apomictic treatment had considerably lower fruit set (only 18% of fl owers produced fruits, N = 50), and none of the apomictically produced fruits had viable or aborted seeds inside; they were therefore excluded from analysis. Self-and cross-pollen produced fruits were of similar size (Tukey test; P > 0.005 for all size variables; log transformed). However, the percentage of viable seeds per fruit was signifi cantly affected by the pollen source ( F 6,168 = 17.9, P < 0.001, arcsine transformed; Fig. 1 Fig. 1 ). There was no effect of pollen source distance on seed production for the three xenogamous treatments (Tukey test; P > 0.05).
Quantitative importance of fl ower visitors -The observed fl ower visitors comprised fi ve species of passerines (the Canarian endemism Phylloscopus canariensis Hartwig and the native birds Sylvia melanocephala Gmelin, Parus caeruleus L., Serinus canarius L., and Fringilla coelebs L.), as well as the endemic Canarian lacertid Gallotia galloti Oudart. Outside census periods, one individual of the introduced mouse Mus musculus L. was observed visiting one fl ower for nectar but from an infl orescence very close to the ground. This observation can be considered as very sporadic. No pollinating insect visitors were recorded either during specifi c census periods or outside censuses. Several ants (Hymenoptera, Formicidae) and Lassioglosum bees (Halictidae) were seen in mature fl owers thieving nectar or behaving as secondary nectar robbers, but they never contacted reproductive organs. Individuals of Calliphora sp. (Diptera) fed on nectar that fell on the surface of leaves when the infl orescence was shaken by frequent wind. On six occasions, endemic bumblebees ( Bombus canariensis P é rez) attempted to land on corollas but failed and after a few seconds they switched treatments to exclude any insects or potential windborne pollen grains. When stigmas were receptive, each plant received seven pollination treatments ( N = 2 fl owers/treatment): (1) G1, geitonogamous crosses with pollen from the same infl orescence; (2) G2, geitonogamous crosses with pollen from a different infl orescence within the same plant; (3) A, autogamous crosses with self-pollen from the same fl ower; (4) X1, xenogamous crosses with pollen from other individuals in the same population; (5) X2, xenogamous crosses from individuals growing near the population but located 200 m away; and (6) X3, xenogamous crosses from individuals > 1000 m distance. Finally, we included (7) an apomictic treatment on emasculated and unpollinated fl owers. A control group of untreated fl owers was labeled and left open to natural pollination. Bags were removed when the perianth segments had dried. At the end of fruit ripening, the proportion of fl owers that set fruit was calculated. To determine whether hand pollination treatments resulted in differences in female fi tness, all fruits produced by each plant were collected before capsule dehiscence for laboratory measurements (fruit length, width, and mass) and for quantifying the percentage of viable and aborted seeds within each fruit. Seeds were considered aborted based on a characteristic darkness and smaller size; to assure this assumption, we selected 10 apparently viable and 10 apparently aborted seeds from each of 10 randomly selected individuals (total N = 100 viable and 100 aborted seeds) and left them to germinate in darkness on wet fi lter paper in Petri dishes. None of the seeds initially scored as aborted germinated successfully compared to 83% of the seeds initially considered viable.
During fi eldwork, several plants were infested by larvae of Gymnoscelis rufi fasciata Haworth. (Lepidoptera: Geometridae). Oviposition (usually one egg) took place on immature fl ower buds and fruits, and the presence of the larva caused loss of both (M. C. Rodr í guez, personal observation). These plants were excluded from hand pollination and exclusion experiments.
Flower visitors and visitation frequency -To identify fl ower visitors and determine their visitation frequency, 50 randomly selected plants were monitored during focal watches at comparable stages of fl owering (total observation period = 725 h). All observations were made between 14 June and 25 August 2006, spanning the whole fl owering season of the population. Each plant was observed for 30-min censuses ( N = 29 censuses/plant) from 0700 to 2130 hours, divided into three periods (morning, afternoon, and evening). In each census, we recorded visits by birds and lizards. Vertebrates were observed from a point located 7 -10 m away from the focal plant with the observer hidden in a shrub and using binoculars. For each visit, we recorded the species, sex, and age (juvenile vs. mature) of fl ower visitors whenever possible, as well as their foraging behavior (i.e., whether they visited fl owers legitimately, perching, or hovering). Separate 30-min censuses were also conducted on each plant to record visitation by insects; methods were the same as for vertebrates except that observations were conducted 1 -2 m from the focal plant. In addition, apart from census periods, we paid special attention to visits by potential insect pollinators (e.g., Bombus ) when they were fl ying around. Due to the lack of insect visits, these censuses were excluded from analysis. We did not search for nocturnal pollinators, but their probable absence is supported by our results (see Relative effectiveness of birds as pollinators in Results).
Relative effectiveness of birds as pollinators -Based on our observations of fl ower visitors, we conducted fi eld experiments to investigate the pollination role of the principal visitors (passerine birds) of I. canariensis . We selectively excluded vertebrate visitors from 30 individuals of similar size (with ≥ 5 infl orescences) that were not used in the censuses or hand pollinations. The experiment had four exclusion treatments, all performed on each plant and randomly assigned to a different infl orescence within each plant. On each infl orescence, we marked 10 basal fl owers still in bud stage ( N = 10 replicates/treatment/plant) and applied one of the following treatments: (1) All visitors treatment, the control treatment with open-pollinated fl owers visited by both birds and lizards; (2) Only birds treatment, with fl owers visited only by birds, with lizards excluded by a 25-cm diameter cardboard funnel covered with plastic at the base of infl orescences; (3) Spontaneous autogamy treatment, with unopened buds enclosed in muslin bags (to exclude any fl ower visitors or windborne pollen) to check for spontaneous self-pollination; and (4) No visitors treatment, in which total exclusion to vertebrates was ensured by the simultaneous combination of the basal cardboard funnel and a 50 × 50 cm cage (with holes of 2.2 cm in diameter) surrounding the infl orescence. The large cage size prevented birds from accessing the infl orescence from the outside of the cage.
In treatments 2 and 4, fl owers were emasculated by removing the stamens from all the buds prior to anthesis. For both treatments, because lizards climb the stem to reach fl owers, the funnel was placed on erect infl orescences not in contact with the surrounding vegetation that could provide alternative fl oral and visited one of the fl owers or a fl ower on an adjacent infl orescence, rapidly introducing its head into the bilabiated corolla to reach the nectar. In this way, the head of both lizards and birds contacted both the stigma and anthers located in the uppermost part of corolla; thus, pollen grains were most often deposited on the head where they were available to be transferred to the stigmas of subsequently visited fl owers. All bird species perched on the main stem just below the basal fl owers when visiting infl orescences, but Ph. canariensis also obtained nectar by hovering or using a combination of both strategies. The birds also searched for small arthropods between fl owers and along the infl orescence stalk. The canary, Se. canarius , was the only frequent nectar robber among the birds. It perched at the top of the infl orescences and pierced (sometimes partly destroying or tearing apart) the base of the corolla where nectaries are located, or it probed previously made nectar-robbing holes. Thus, virtually none of its visits likely resulted in successful pollination; all 26 fl owers visited by Se. canarius during censuses were nectar robbed, but some legitimate visits were observed outside census periods. Parus caeruleus also committed nectar robbery, but this behavior was observed only once in 30 recorded visits. On the other hand, all lizard visits were potentially legitimate.
The Isoplexis blooming coincided with the reproductive period of these birds. Mixed fl ocks of adult and juvenile Ph. canariensis and Pa. caeruleus moved around the area frequently, and individuals of family groups fed in the same plant at once. Juveniles constituted 63 -70% of the visitors in Pa. caeruleus, Sy. melanocephala and G. galloti. All recorded individuals of Serinus and Fringilla were solitary juveniles. This fi gure could not be estimated for Ph. canariensis because of the similar plumage appearance between immatures and adults.
Bird visitation persisted throughout the day regardless of the weather. It increased during the day and peaked at ~1700 -1900 hours, whereas lizards showed the highest visitation activity between 1300 and 1500 hours. No lizard feeding bouts were observed in morning or evening periods ( Fig. 2 ) .
Relative effectiveness of birds as pollinators -During the censuses, frequent observations were made of birds entering fl owers of the All visitors and Only birds treatments, while no pollinators (including insects) were seen entering fl owers in the No visitors treatment, confi rming the effectiveness of the experimental manipulations and enclosures. Signifi cant differences were found among all the exclusion treatments in fruit biometric measurements ( Table 2 ). The largest fruits were those produced by All visitors and Only birds treatments, with size and mass decreasing in the Spontaneous autogamy and fi nally to adjacent cofl owering species, e.g., Table 1 ). It showed intensive aggression against conspecifi cs and to a lesser degree against other bird species such as Pa. caeruleus . The lizard G. galloti was the second most common visitor (6.9%), followed by the other four passerines: Pa. caeruleus (5.8%), Sy. melanocephala (3.1%), Se. canarius (0.8%), and F. coelebs (0.2%). Almost all visits were legitimate, and other than Se. canarius , the nectar gathering behavior of the species was quite similar. The visitor either landed on (birds) or climbed (lizards) an infl orescence Fig. 1 . Percentage of viable seeds per fruit (no. of viable seeds/total no. of seeds within each fruit) resulting from experimental hand pollination treatments ( N = 50 fruits · treatment − 1 ). Treatments G1 and G2 correspond with geitonogamous, A with autogamous, and × 1, × 2, and × 3 with xenogamous crosses (see Material and Methods for details). Letters indicate signifi cant differences among treatments using Tukey ' s test after one-way ANOVA (logarithmic transformation) and using a GLM procedure. Data are means ± 1 SE. Valido et al., 2004 ) , no previous study has tested whether these opportunistic nectarfeeding vertebrates act as effective pollinators. Previous work ( Vogel et al., 1984 ; Olesen, 1985 ) considered these plants as ornithophilous " widow " species that had incorporated passerine birds as suboptimal pollinators after the hypothetical insular disappearance of specialist nectarivores. Our present report constitutes the fi rst experimental evidence that these passerines are indeed effective pollinators of the Canarian endemic Isoplexis canariensis and thus may act as selective agents on ornithophilous traits such as fl ower color and nectar composition for a number of Canary Islands species (e.g., .
Flower visitors -Vertebrates were the only fl ower visitors acting as legitimate pollinators of I . canariensis . Birds were more important than lizards in terms of both the total number of visits and visited fl owers ( Table 1 ). The analysis of the quantitative and qualitative components of pollination effectiveness confi rmed that I. canariensis depends on these opportunistic passerines for successful reproduction. The incidence of insect visitors was marginal, with the few taxonomic groups involved acting as nectar thieves or secondary nectar robbers. Even the endemic Canarian bumblebee Bombus canariensis bypassed Isoplexis fl owers despite the bee ' s high relative abundance in the study area. The absence of entomophilous pollination interactions in our study area is consistent with observations of other populations of I. canariensis in Tenerife, and also for the closely related species from Gran Canaria ( I . isabelliana , I . chalcantha )  A. Valido personal observation; J. M. Olesen and L. Chittka, University of Aarhus and Queen Mary University of London, respectively, personal communications). The dilute, hexose-rich nectar and the absence of UV refl ectance of Isoplexis fl owers ( Olesen, 1985 ; A. Valido, unpublished data) likely explain their low attractiveness to bees because bumblebees may prefer sucrose-rich nectar of intermediate concentration ( Baker and Baker, 1990 ) and their photoreceptor spectral sensitivity peaks in the UV range ( Briscoe and Chittka, 2001 ) .
Although I. canariensis was visited by fi ve species of passerine birds, Phylloscopus canariensis was undoubtedly the most important from a quantitative point of view. Curiously, this endemic bird has been recorded visiting more ornithophilous plant species than any other passerine in the Canary Islands (up to 11 plant species; Valido et al., 2004 ; M. C. Rodr í guez and A. Valido, personal observations; F. Siverio, Alas Cinematograf í a, personal communication). It also represents a clear example of " density compensation " on this archipelago, with the highest bird population densities of the Canarian passerines. For example, in the laurel forest it is the in the No visitors treatments (Tukey test; P < 0.001 for all size variables; log transformed; Table 2 ). Flowers in the All visitors and Only birds treatments also set signifi cantly more fruits than the Spontaneous autogamy and No visitors treatments ( F 3,116 = 39.8, P < 0.001; arcsine transformed; Fig. 3 ). Infl orescences accessible to birds (All visitors and Only birds treatments) always had > 85% fruit set, whereas those from which birds were excluded had 62.3 ± 26.2% (Spontaneous autogamy treatment) and 31.3 ± 40.2% (No visitors treatment) fruit set on average ( Fig. 3 ) .
In accordance with results of the apomictic pollination treatment, most of fruits from the No visitors treatment were empty (93.6% fruits without seeds, N = 94). Although a few fruits in this treatment produced seeds (10 ± 5.8 seeds [i.e., viable and aborted combined] · fruit − 1 ; N = 6), this could have been due to inadvertent pollen contamination when the stamens were removed. The mean value of seed production was practically zero (0.6 ± 2.8 seeds · fruit − 1 ; N = 94) and therefore excluded from subsequent analysis.
Fruits from the Only birds and All visitors treatments produced a higher percentage of viable seeds per fruit than those from the Spontaneous autogamy treatment (All visitors = 88.8 ± 21.5% viable seeds · capsule − 1 ; Only birds = 87.1 ± 28.1%; Spontaneous autogamy = 40.9 ± 38.1%; F 2,87 = 77.1, P < 0.001; Tukey test; arcsine transformed; Fig. 4 ) . Table 2 . Biometry of the fruits (length, width, and mass) obtained in the exclusion treatments (All visitors, N = 286 fruits; Only birds, N = 268; Spontaneous autogamy, N = 187; No visitors, N = 94) . Signifi cant differences were found among all treatments for each fruit trait (Tukey test after oneway ANOVA and using a GLM procedure; logarithmic transformation; df = 3, 116 for each variable). Different letters indicate signifi cant differences among treatments. Data are means ± SD. *** P < 0.001. an Only lizards treatment to support this conclusion. Besides, this study only takes into account the maternal component of fi tness and thus our results provide just a partial approximation of pollination effectiveness. We have no data on male fi tness components such as pollen removal, transfer, and donation, which may provide additional information on plant reproductive success. In addition, these two groups of pollinators differ in their pollinator behavior (e.g., capacity of movement), which may affect the dynamics of pollen transfer within and between plants ( Levin, 1981 ; Price and Waser, 1982 ; Thomson et al., 1986 ; Kearns and Inouye, 1993 ) and, consequently, the relative probability of outcrossing. Bird and lizard species may also differ in the quantity and quality of the pollen loads they deliver, which could affect seed production and the quality of the progeny, among other fi tness components.
Evolution of ornithophily in Isoplexis -Assessing pollination effectiveness and fi nding possible differences among pollinators constitutes the fi rst step in research on the potential role of pollinators on the maintenance of plant populations and also on the evolution of fl ower traits. Although we can say that opportunistic bird pollinators play a role in the maintenance of the Isoplexis populations on the Canary Islands, a solution to the origin of its ornithophily is not clear. Members of this genus show distinctive characters such as woodiness and ornithophily; traits that have been traditionally considered to be plesiomorphic and indicative of an ancient lineage that survived the severe climatic conditions occurring in the Quaternary on the mainland (e.g., Bramwell, 1972 ; Vogel et al., 1984 ; Olesen, 1985 ) . However, recent molecular data suggest that Isoplexis is derived from herbaceous continental Digitalis species ( Br ä uchler et al., 2004 ) . Currently, all Digitalis species are pollinated by insects (principally bumblebees), indicating that a pollinator shift had to occur at some point during the evolutionary transition from entomophilous on the mainland to ornithophilous on islands. Isoplexis fl owers could have evolved in continental predecessors with selection exerted by specialist nectarivores, most abundant bird and has been recorded at densities as high as 41.1 birds · 10 ha − 1 ( Valido and Delgado, 1996 ) . In addition, the peak fl owering period of Isoplexis coincides with the minimum availability of arthropods (and fl eshy fruits) within the laurel forest ( Valido and Delgado, 1996 ) . Thus, " density compensation " and the matching of peak fl owering with the period of food scarcity appear to combine to enhance this novel vertebrate pollinator -plant interaction, based on the use of nectar as an important alternative food resource.
Pollination effectiveness -Experimental manipulations to measure the relative effectiveness of birds also highlight the asymmetrical contribution of birds to the reproductive success of I. canariensis compared to lizards. Infl orescences visited only by birds produced more, larger, and heavier fruits than did those from which birds were excluded ( Table 2 ). The absence of clear differences in fruit set and percentage of viable seeds per fruit between the All visitors and Only birds exclusion treatments suggests that birds provide the majority of the pollination service ( Figs. 3, 4 ) . In addition, these opportunistic passerines may enhance female fecundity through effective pollen fl ow because bird-pollinated infl orescences had a higher percentage of viable seeds per fruit than did self-pollinated infl orescences ( Fig. 4 ) . These results suggest that birds may promote more xenogamous than geitonogamous or autogamous crosses, despite I. canariensis ' large fl oral display, which at fi rst may seem to promote selfi ng. In support of this expectation, the low number of Isoplexis fl owers within individual plants that are visited by Ph. canariensis on a single visit (2.9 ± 2.43 fl owers · plant − 1 ; N = 435) suggests they are likely to effect cross-pollination. These results agree with those from the hand pollination experiments, in which the production of fruits and viable seeds was signifi cantly higher after outcrossing ( Fig. 1 ) .
Although lizards visited fl owers at the second highest rate ( Table 1 ) , there were no differences in any fi tness variables between All visitors and Only birds treatments. This would seem to indicate that lizards play a minor role in the reproduction of this species. However, our exclusion experiment did not include . Letters indicate signifi cant differences among treatments using Tukey ' s test after oneway ANOVA (arcsin transformation) and using a GLM procedure. Data are means ± 1 SE.
prior to arrival in the islands ( " relict " hypothesis) or exclusively after island colonization ( " de novo opportunistic " hypothesis). Interestingly, provided clear evidence of evolutionary changes in fl oral traits (nectar sugar composition) in seven Canarian plant lineages compared to their entomophilous mainland relatives. In particular, they found a consistent association of hexose nectar with ornithophily and sucrose nectar with entomophily. Consequently, nectar sugar chemistry in these lineages seems to have evolved readily on islands, perhaps even in response to pollination by opportunistic passerines.
However, it is not completely clear that Digitalis was only bee-pollinated throughout its evolutionary history. For example, the discovery of hummingbird fossils in Europe ( Mayr, 2004 ; Louchart et al., 2008 ) , the existence of some characteristics associated with bird visits (orange-yellow fl owers) in the closest relative D. obscura ( Br ä uchler et al., 2004 ) , and the observation that Digitalis sucrose nectar is a preferred food resource for hummingbirds ( David, 1996 ) and sunbirds ( Fry et al., 2000 ) when these plants are introduced in northwestern America and South Africa, all leave open the possibility that the pollination of the Digitalis-Isoplexis ancestor was assisted by specialist nectarivorous birds on the mainland. Thus, evidence supports both the " relict " and " de novo opportunistic " hypotheses and we cannot refute either one at this time.
Conclusion -Based on our results, opportunist nectar-feeding birds are effective pollinators of I. canariensis. The quantity and quality components of this mutualistic interaction resulted in positive consequences for female plant fi tness by enhancing fruit production and seed viability. These results indicates that opportunistic nectar feeding birds play a role in the current maintenance of plant populations and possibly in the future evolution of some fl ower traits. Still, we are able to say little about whether opportunistic or specialist nectar feeders played a role in the origin of ornithophily. The next step should be to examine the variation between mutualists in the strength of their interactions with the plant, either at the specifi c level or the functional level (birds vs. lizards). To achieve an accurate assessment of pollinator effectiveness, one would also need to analyze differences in male fi tness and pollen transfer, as affected by the different pollinator ' s behavior and, from an evolutionary perspective, to analyze their potential to select for ornithophilous fl oral traits.
